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INTRODUCTION 


The  purpose  of  this  report  is  to  present  some  preliminary  results 
of  the  statistical  analysis  of  the  RATSCAT  measurements  of  the  radar 
scattering  of  the  MQM-34D  (BQM-34A)  target  drone.  The  raw  data  from 
RATSCAT  are  reported  in  graphical  form  in  an  AFSWC  three-volume  report.. 

The  results  reported  here  are  a statistical  analysis  of  the  radar 
signature  for  two  sets  of  data  near  normal  to  the  roll  axis  (near  broad- 
side) for  monostatic  and  bistatic  conditions  and  vertical  polarization. 
The  radar  cross  section  (RCS)  is  compared  with  three  classical  statisti- 
cal models,  and  the  glint  is  compared  with  a normal  distribution. 

An  analysis  of  two  sets  of  data  near  nose-on  aspects  was  reported 
in  Technical  Report  RE-75-7. ^ 


MEASUREMENTS  CONDITIONS  AND  DATA  SELECTION 

Sixteen  combinations  of  roll  and  pitch  values  were  used  in  the  set 
of  measurements.  These  16  cuts  are  all  combinations  of  four  roll  angles 
(0°;  30°;  60°;  90°)  and  four  pitch  angles  (0°;  10°;  20°;  30°).  For  each 
cut,  monostatic  and  bistatic  (10°;  20°;  30°)  measurements  were  made  for 
vertically  polarized  (W),  horizontally  polarized  (HH),  and  cross 
polarized  (VH)  antenna  configurations.  The  monostatic  measurements  were 
very  extensive,  including  full  polarization  scattering  matrix  (RCS  and 
phase)  and  glint  for  each  polarization.  Due  to  the  width  of  the  glint 
spikes,  the  data  were  taken  at  0.01°  intervals.  At  10°  and  20°  bistatic 
angles,  only  the  RCS  was  taken,  the  measurement  interval  being  increased 
to  0.1°.  At  30°  bistatic  angle,  the  RCS  and  glint  were  measured,  the 
measurement  interval  being  0.1°. 

The  aspect  angles  for  the  cuts  of  data  are  plotted  in  Figure  1. 

The  aspect  angles  are  defined  to  be  the  polar  angles  measured  from  nose- 
on  to  the  target.  The  bounds  on  tneta  are  ±180°  and  the  bounds  on  phi 
are  -90°  to  90°.  It  is  obvious  from  the  plots  that  the  measurements 
were  not  taken  uniformly  over  the  solid  angle  coverage  available;  but, 
if  the  target  is  assumed  to  be  symmetrical  in  theta,  a useful  analysis 
can  be  achieved.  The  aspect  angle  for  bistatic  angles  is  assumed  to  be 
the  bisector  of  the  angle  between  the  transmitting  and  receiving 
antennas . 


•Air  Force  Special  Weapons  Center,  6585th  Test  Group,  Holloman  Air  Force  Base,  New  Mexico. 

Radar  Signature  Measurements  of  BQM-34D  3nd  BQM-34F  Taiget  Drones,  AFSWC-TR-74-01 , January  1974. 
2james  W.  Wright,  On  the  Statistical  Analysis  of  the  Radar  Signature  of  the  MQM-34D,  Interim  Report 
Number  .One,  US  Army  Missile  Command,  Redstone  Arsenal,  Alabama,  Technical  Report  RE-75-7, 

2 October  1974. 
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Figure  1.  Aspect  angles  for  the  16  data  cuts. 


Two  sets  of  data  are  reported  here.  The  first  set  is  approximately 
all  data  within  15°  of  the  norma]  to  the  roll  axis  (referred  to  also  as 
broadside);  the  second  set  is  all  data  within  30°  of  normal  to  the  roll 
axis.  Due  to  the  differences  in  the  measurement  intervals,  there  are 
10  times  as  many  data  points  monos tatically  as  bistatically.  The  data 
within  15°  of  broadside  consist  of  59,500  points  monos tatically  and 
5,950  points  bistatically;  the  data  within  30°  of  broadside  consist  of 
122,500  data  points  monos tatically  and  12,250  data  points  bistatically. 

It  should  be  noted  that  for  processing  and  storage  efficiency  the 
data  were  blocked  in  2.5°  sets.  The  selection  process  accepted  all 
blocks  of  data  for  which  the  angle  corresponding  to  the  eenter  of  the 
block  was  within  the  specified  limits  and  rejected  all  others.  This 
process  gives  a stepped  approximation  to  the  ideal  selection  process. 

Both  sets  of  data  include  the  aspect  angle  regions  where  the  large 
specular  reflections  from  the  fuselage  and  aerodynamic  surfaces  are 
apparent.  The  large  speeular3  are  apparent  for  approximately  ±5°  from 
the  normal  to  the  roll  axis,  and  decrease  to  small  specular  and  refrac- 
tion levels  by  approximately  ±10°  from  the  normal.  The  actual  selection 
of  the  bounds  for  the  two  sets  of  data  was  essentially  arbitrary. 
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DATA  REDUCTION  AND  ANALYSIS 

Each  set  of  RCS  data  was  processed  to  determine  the  average  and 
standard  deviation  of  the  RCS  in  square  meters  (m^)  and  in  decibels 
referenced  to  one  square  meter  (dBsm).  Histogram  type  probability 
density  functions  and  cumulative  probability  functions  were  computed 
for  the  measured  data  and  three  classical  RCS  models.  The  three  classi- 
cal RCS  models  were  the  Swerling  1 model,  the  Swerling  3 model,  and  the 
log-normal  model. 

The  two  Swerling  RCS  models  were  computed  using  the  average  and 
standard  deviation  of  the  RCS  in  m^.  The  log-normal  models  were 
computed  using  the  average  and  standard  deviation  of  the  RCS  in  dBsm. 

The  values  plotted  for  the  RCS  models  were  computed  by  numerically  inte- 
grating the  probability  density  functions  over  the  appropriate  intervals. 
The  measured  and  computed  probability  functions  were  calculated  and 
plotted  on  both  linear  and  logarithmic  scales.  The  measured  data  are 
plotted  as  a solid  line,  the  Swerling  1 model  with  + symbols,  the 
Swerling  3 model  with  x symbols,  and  the  log-normal  with  > symbols. 

The  glint  data  were  processed  to  compute  the  average  and  standard 
deviation  and  compared  to  a normal  distribution.  The  measured  data  are 
plotted  as  a solid  line  and  the  normal  distribution  with  + symbols. 

Table  1 summarizes  the  statistical  quantities  for  each  parameter 
for  each  condition,  and  Figure  2 presents  the  data  on  the  RCS  in  graphi- 
cal form.  Unlike  the  data  near  nose- on,  there  is  no  apparent  roll-off 
in  the  RCS  for  bistatic  angles.  This  is  approximately  as  one  would 
expect  for  speculars  from  quadratic  surfaces.  The  variations  in  the 
RCS  as  a function  of  bistatic  angle  are  affected  by  variations  in  multi- 
ple reflections  and  shadowing  (masking)  which  change  as  a function  of 
bistatic  angle. 

Glint  was  measured  at  only  two  bistatic  angles,  0°  and  30°,  so  no 
curves  appeared  appropriate.  It  is  noted,  however,  that  the  glint  is 
reduced  in  standard  deviation  by  approximately  4 dB  at  30°  bistatic 
anglt. 

Figures  3 end  4 present  the  curves  comparing  measured  data  and 
theoretical  tnoeels  for  tha  two  sets  of  data.  For  all  conditions,  the 
measured  RCF  data  are  best  approximated  by  the  log-normal  model.  The 
glin..  data  are  more  difficult  to  describe  for  these  sets  of  data  than 
for  the  near  nose-on  cases.  The  distributions  have  larger  concentrations 
of  data  near  the  average  than  the  normal  distribution,  but  have  long 
tails.  Monos tat ically,  the  standard  deviation  of  glint  is  approximately 
one-half  the  target  length,  but  637.  of  the  samples  fall  within  approxi- 
mately one- third  of  the  target  length  of  the  average.  Bistatically 
(30°),  the  glint  appears  to  be  much  closer  to  a normal  distribution,  but 
the  standard  deviation  is  only  about  one- fourth  of  the  target  length. 


The  RCS  in  the  aspect  angle  region  near  normal  to  the  roll  axis 
does  not  roll  off  with  increasing  bistatic  angle,  at  least  for  bistatic 
angles  less  than  30°.  The  RCS  in  this  region  is  dominated  by  the 
specular  reflections  from  the  fuselage  and  the  aerodynamic  surfaces 
which  have  large  radii  of  curvature.  Multiple  reflections  from  these 
surfaces  can  also  be  rather  large  in  these  regions.  The.  average  value 
is  affected  by  the  limits  selected  for  the  computations  since  the  large 
specular  components  are  within  approximately  5°  of  the  normal.  For  the 
two  sets  of  data  presented  here,  the  probability  distributions  are  beut 
approximated  by  the  log-normal  distribution. 


The  glint  in  the  near  broadside  aspects  is  rather  large.  The 
standard  deviation  is  approximately  cne-half  of  the  target  length  mono- 
statically  and  approximately  one- fourth  of  the  target  length  at  30° 
bistatic  angle. 
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